Abstract
stantly increasing [2] . Heavy metals of natural and anthropogenic sources are released into aquatic ecosystems, where they pose a serious threat because of their toxicity, long persistence, bioaccumulation and biomagnifications in the food chain [3] . Studies on heavy metals in rivers, lakes, fish and sediments have been a major environmental focus especially in the last decade. These elements, non-biodegradable [4] in aquatic environment can remain in solution or in suspension and precipitate on the bottom or be taken up by organisms. The analysis of metal concentrations in biota samples at the same locations can indicate the transfer of metals through food chains [5] . The use of biological indicator organisms to define areas of trace metal pollution appears most attractive, as these organisms not only concentrate metals in water, allowing inexpensive and relatively simple analysis, but they may also represent a moving time-averaged value for relative biological availability of metals at each sites studied [6] . Through analysis of metal concentrations in living organisms; crayfish Procambarus clarkii is the most cosmopolitan of crayfish species [7] , it came from Louisiana (USA) and placed in the marshes of the River Guadalquivir near Sevilla (Spain) in 1974 [8] . Crayfish Procambarus clarkii is valuable materiel for the study of aquatic pollution in fresh water ecosystems, since it has been successfully established in various sites [9] . In aquatic ecosystems, the use of indicator species seems to be a suitable way of monitoring environmental quality due to the ability of some aquatic animals to accumulate metallic ions either directly from surrounding water or indirectly through food sources [10] .
In Morocco, Merja Zerga waters are supplied by two regions, the Merja Rharb and the Loukkos. River Oued Drader supplies mostly Loukkos region while the larger area drained by the Nador canal is within the Rharb region [11] .
Presence of heavy metals carried by the Oued Drader and Nador canal is noted especially during floods [12] . The present work aims to assess for the first time heavy metal concentrations in red swamp crayfish in these Moroccan ecosystems. Four heavy metals (cadmium, lead, chromium and copper) were selected for examination in carapace and flesh of Procambarus clarkii, as well as a comparison between the metal concentrations detected in the tissues in both study sites. Indeed the presence of these elements traces of specific toxicity constitutes not only a problem of the environment safeguarding but also a public health problem [13] . Procambarus clarkii were collected from Merja Zerga and Nador canal. Merja Zerga 34˚86'N/06˚28'W a permanent biological reserve, Ramsar site (1980) is a tidal lagoon located 70km north of Kenitra on the Atlantic coast [14] , the lagoon water system is mainly supplied by the Drader River to the east and the Nador canal to the south [11] , its linked to the Atlantic Ocean by a single channel (the "gullet"), that is strongly tidal and at high tide, is connected with a smaller lagoon, the Merja Kahla [15] . Merja Zerga is well known as a bird reserve and as an area of outstanding natural beauty. Its hydrology and Vegetation have been studied since the 1970s and the plankton since 1986 [16] [17] [18] .
The Nador canal was built in 1953; its mean annual discharge has been estimated at 150 × 10 6 m³/year the canal drains flooded depressions (agricultural areas) of the Rharb costal [19] .
Sampling and Analysis
Red crayfish Procambarus clarkii samples were collected monthly from March to August 2013. The 500 grams flesh and carapace crayfish samples obtained after dissection were placed in an incubator at 65˚C for 48 h until complete drying and then ground using porcelain mortar. For this purpose, fractions of 0.5 g of the dried samples are prepared for measurement concentrations. They were placed in clean digestion bombs, to P. clarkii flesh was added 4 ml of nitric acid 65% HNO 3 , to the carapace samples were added 4 ml of water and 4 ml of regal hydrofluoric acid in the presence of boric acid (Suprapur quality, Merck). The Samples were kept overnight for predigesting, the next day they were placed in sand bath at 120˚C for 4 h until the solution became clear. After cooling, the samples were transferred into dilution tubes of 50 ml, filled up with 30 ml samples and the rest with distilled water, [20] . Assays metals were performed on digests diluted [20] [21] [22] . Cd, Cr, Cu and Pb were Determined by atomic absorption spectrophotometer graphite furnace (Varian AA 20) .The validity of the Analytical methods was checked internal control by using standard samples (National research council of Canada) Bess-1 for the shells and DROM-2 for crustaceans and external control by inter calibration exercises (AIEA-MESL-2014-01-TE).
Statistical Analysis
Statistical differences between the different tissues (carapace and flesh) were determined with Excel.
Results and Discussion
The metal concentrations analyzed in crayfish Procambarus clarkii sampled from two sites (Figure 1 and Figure 2) summarize mean concentrations of studied metals traces.
Cadmium
Cadmium is generally a non-essential element with teratogenic, carcinogenic, and highly nephrotoxic effects on living organisms [23] [24] and by extension to the consumers [25] .
Our results present the contamination of cadmium in Procambarus clarkii in both sites of Merja Zerga and Nador canal (0.0009 and 0.0002 μg/g dry weight) in carapace and in flesh (0.006 and 0.01 μg/g dry weight) (Figure 1 and Figure 2) . In absence of national regulatory standards for normal levels of traces elements and according to Spanish legislation, a maximum limit for heavy metal in edible wet mass of Cd is Cd is 1 μg/g 
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(BOE 195, 15/8/1991) whereas European legislation limit is of 0.8 μg/g (EC Regulation 466/2001) [26] .
We can say that concentrations are very low and indicate that both sites are non-polluted by cadmium ( Figures  3-6) ; accumulation of environmental cadmium in crayfish tissues has been reported. Levels of environmental pollution have shown positive correlations with concentrations in tissue samples [1] .The highest concentrations of cadmium in Procambarus clarkii were found in hepatopancreas, alimentary tract, and in a less extent in blood and exoskeleton. The least affected tissues were abdominal muscles [27] . Cadmium levels in abdominal muscles and hepatopancreas in Procambarus clarkii were in Spain from an unpolluted locality (0.02 μg/g dry weight) in abdominal muscles [28] , in USA from an unpolluted locality (0.73 -0.33 μg/g) in abdominal muscles and (0.30 -0.26 µg/g dry weight) in hepatopancreas [29] And (0.0005 µg/g dry weight) in abdominal muscles [30] and (0.1 µg/g dry weight) in hepatopancreas [30] and (0.03 µg/g dry weight) in abdominal muscles [30] , in Egypt (1.97 µg/g wet weight) in abdominal muscles [31] . 
Lead
Lead is an element which is much used in modern industry [2] , is probably a result of metal introduced into the environment via emissions from agricultural machinery and automobiles [27] .
Even though no significant differences in lead concentrations between the two sites, high concentrations of lead in both sites especially in carapace was observed (Figures 3-6) . Lead accumulated was mainly detected in carapace (3.74 µg/g dry weight) and in flesh (2.04 µg/g dry weight) in Procambarus clarkii from Merja Zerga .Those caught from the Nador canal contained 3.98 µg/g dry weight of lead in carapace and 2.67 µg/g dry weight in flesh (Figure 1 and Figure 2 ). According to Spanish legislation, a maximum limit for heavy metal in edible wet mass of Pb is of 1 μg/g (BOE 195, 15/8/1991), whereas European legislation limits is of 0.8 µg/g (EC Regulation 466/2001) [26] . Our results show that lead non essential element accumulates in Procambarus clarkii caught from Merja Zerga and Nador canal due to the several paddy field (culture of rice) Rotation of rice and crawfish takes advantage of the seasonality of each crop which allows for the production and harvest of each crop in one year. Rice is grown and harvested in the summer months while crawfish grown during the fall, winter and spring in the same field in a twelve month period [32] (Figures 3-6) . The concentration of Pb in Procambarus Clarkii varied between 3.74 and 3.98 µg/g dry weights in carapace and 2.04 -2.67 µg/g dry weight in flesh (Figure 1 and Figure 2) . The metal was accumulated primarily in the hepatopancreas, carapace, and gills and reached only low concentrations in the hindgut and muscle [1] . Mean lead concentrations in abdominal muscle and hepatopancreas of crayfish expressed as mg/kg dry tissue weight respectively were in USA (<5.0 mg/kg, <5.0 mg/kg) [29] , (0.06 and 0.04 mg/kg) from an unpolluted locality, (<0.19 mg/kg wet weight) in abdominal Muscle [30] and in Egypt (15.93 mg/kg wet weight) in abdominal muscle [31] .
Copper
Copper is essential micronutrient, do not accumulate in decapods crustaceans up to certain threshold levels [33] . It is a component of respiratory mettalloprotein-hemocyanin in crustaceans [34] [35] . Copper (Cu) remains among the essential trace elements and indispensable for the proper functioning of the body [36] . In our study, copper detected in Merja Zerga and Nador canal showed high levels in flesh and carapace (Figures 3-6) . Copper concentration in flesh was considerably lower than it is in carapace. The copper concentrations in carapace were higher in Merja Zerga than in Nador canal: levels detected are respectively 7.24 µg/g dry weight and 5.70 µg/g dry weight. In flesh, copper concentrations in Merja Zerga are lower than in Nador canal (17.33 µg/g, 20.69 µg/g dry weight) (Figure 1 and Figure 2) . The activities identified in the drainage areas particularly the use of copper sulfate in rice agriculture may explain this [1] [2] [3] (Figures 3-6) . Cu was higher than world average at every station along the Merja Zerga [37] . According to Spanish legislation, a maximum limit for heavy metal in edible wet mass of Cu is 20 µg/g (BOE 195, 15/8/1991) [26] . Accumulation of copper was observed in tissues in the following decreasing order: gills > exoskeleton > abdominal muscle [1] .
Mean lead concentrations in abdominal muscle and hepatopancreas of crayfish expressed as mg/kg dry tissue weight were in USA 5.9 -5.3 mg/kg wet weight [29] , respectively 76.908 mg/kg dry weight [30] , in abdominal muscle 34.7 and 25.1 mg/kg wet weight [29] , 506 mg/kg in hepatopancreas [38] , and in Egypt 125.8 mg/kg dry weight in abdominal muscle [31] . Crayfish has a great potential for rapid accumulation and depuration of Cu in fresh waters. If these animals from a contaminated area are consumed in large quantities they could cause adverse health consequences [26] .
Chromium
Chromium is an essential trace element for humans and animals, used in industry to make stainless steel alloys which improves many properties, and used as a catalyst as well as for tanning and impregnation of wood. It in air chromium originates from industrial emissions [2] . Chromium accumulation in carapace was greater than flesh in both sites (Figures 3-6) . Furthermore, chromium levels in Merja Zerga were higher than Nador canal for carapace (4.94 µg/g dry weight) and (1.91 µg/g dry weight); in flesh chromium accumulation was lower than carapace. Chromium levels in Merja Zerga were lower than Nador canal for flesh 0.92 µg/g dry weight and 1.47 µg/g dry weight (Figure 1 and Figure 2) . In USA level concentrations of Cr in abdominal muscle is of 0.43 mg/kg dry weight [30] , and in Egypt is of 5.03 mg/kg wet weight [31] .
Conclusions
1) This study revealed high concentrations of heavy metals Pb, Cu and Cr in Procambarus clarkii in both carapace and flesh from Merja Zerga and Nador canal, and detected the absence of cadmium in both sites.
2) Thus, crawfish could be used as bioindicator of these pollutants since their dose and time-dependent accumulation might be reflective of concentrations of nonessential metals in polluted wetlands and could indicate the toxicological risk which could be induced by its consumption.
3) The region of Gharb has a great ecological, economical and halieutic value. This study revealed that Procambarus clarkii is of a great importance since these aquatic organisms are considered as effective bioindicator of pollution. 4) Procambarus clarkii as a sentinel species to monitor environmental health is also justified by its ability to bind and accumulate different toxic minerals and it can be a very useful tool for estimating the level of pollution in the hydrological system.
